Nanoparticles of superconducting YBa 2 Cu 3 O 7-δ (YBCO) (T c = 91 K) exhibit ferromagnetism at room temperature while the bulk YBCO, obtained by heating the nanoparticles at high temperature (940 o C), shows a linear magnetization curve. Across the superconducting transition temperature, the magnetization curve changes from that of a soft ferromagnet to a superconductor. Furthermore, our experiments reveal that not only nanoparticles of metal oxides but also metal nitrides such as NbN (T c = 6 -12 K) and δ-MoN (T c~ 6 K) exhibit room-temperature ferromagnetism.
Introduction
It is well known that the materials with partially filled d or f shells exhibit interesting magnetic properties. In the recent years, ferromagnetism above room temperature has been observed in several materials containing no unpaired d or f electrons. High-temperature ferromagnetism has been reported in alkaline-earth hexaboride. 1 Ferromagnetic hysteresis and high Curie temperature was observed in proton irradiated graphite. 2 Nanoparticles of gold capped with thiol were shown to exhibit ferromagnetism at room temperature. 3 Thin films of many oxides with no unpaired electrons are also reported to be ferromagnetic at room temperature. 4, 5 It was suggested that defects or oxygen vacancies could be responsible for the observed ferromagnetism. Ab initio electronic structure calculations using density functional theory in HfO 2 have shown that isolated halfnium vacancies lead to ferromagnetism. 6 Meanwhile, there is a conflicting report attributing the ferromagnetism in HfO 2 to possible iron contamination while using stainless-steel tweezers in handling thin films. 7 Very recently, we have reported room-temperature ferromagnetism in nanoparticles of nonmagnetic oxides such as CeO 2 and Al 2 O 3 . 8 The origin of ferromagnetism in these nanoparticles has been suggested to be due to magnetic moments arising from oxygen vacancies at the surfaces of the nanoparticles. We also suggested that all oxide nanoparticles would exhibit ferromagnetism at room temperature. These results motivated us to study whether the ferromagnetism occurs in nanoparticles of superconductors in the normal as well as the superconducting states, since the phenomena 3 of ferromagnetism and superconductivity are antagonistic. For this purpose, we selected the well known oxide high temperature superconductor, YBa 2 Cu 3 O 7-δ (YBCO). We also examined whether the ferromagnetism exists in the nanoparticles of metal nitrides such as NbN and δ-MoN which are also known to be superconductors with low T c . Interestingly, we found room-temperature ferromagnetism not only in the nanoparticles of oxide superconductor but also in the metal nitrides.
Experimental
Nanoparticles of YBCO were prepared by the citrate-gel method described in the literature except that the sample was cooled from 790 o C to room temperature at a faster rate (5 o C/min) than the reported one (1 o C/min). 9 The nanoparticles of NbN were prepared by heating NbCl 5 with urea in 1:6 molar ratio at ~ 1000 o C. 10 The nanoparticles of δ-MoN were prepared by heating γ-Mo 2 N nanoparticles which in turn were prepared by the urea method described elsewhere.
11 Powder x-ray diffraction (XRD) was used to identify the phase and its purity. The particle size and morphology were studied by Field
Emission Scanning Electron Microscopy (FESEM) and Transmission Electron
Microscopy (TEM). Magnetization measurements were carried out with vibrating sample magnetometer in physical property measuring system (PPMS, Quantum Design, USA).
Results and discussion
The XRD pattern of nanoparticles of YBCO showed the orthorhombic structure would exhibit ferromagnetism. 8 The origin of ferromagnetism is likely to be due to magnetic moments arising from the oxygen vacancies at the surfaces of the nanoparticles.
A bulk YBCO was prepared by pressing the nanoparticles into rectangular bars and annealed at high temperatures. The magnetization measurement at room temperature revealed paramagnetic behavior ( 
Conclusions
Room-temperature ferromagnetism is observed in nanoparticles of superconducting YBCO as well as metal nitrides. It requires further studies to explore the presence or absence of ferromagnetism in the superconducting state. The observation of room-temperature ferromagnetism in a variety of nanoparticles such as oxides, nitrides
and chalcogenides suggests that ferromagnetism may be a universal feature of nanoparticles of most compounds.
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